A. Contractile properties of organ cultured intestinal snwoth muscle. Tohoku J. exp. Med., 1971, 103 (4), 317-329 -The contractile properties of the smooth muscle of guinea-pig taenia coli in organ culture were investigated in relation to the histochemical observation on its innervation.
preparations were cultured in the medium rich in horse serum and chick embryo extract.
They preserved responsiveness to nicotine and transmural stimulation at low frequencies for more than three weeks. On the other hand, those cultured in the medium contained only lower concentration of horse serum and deficient in chick embryo extract lost such responsiveness after two to three weeks of incuba tion. It is evident from these data that the latter condition of culture would be adequate for the experiment in which the smooth muscle is maintained but the nerve element have to be eliminated.
In this condition, the preparations on the 4th day of culture failed to produce a relaxation by transmural stimulation at high frequencies, though it was produced at low frequencies and by nicotine. The fluorescence of catecholamines disappeared at the same stage of culture, but no supersensitivity to noradrenaline and acetylcholine was observed. Histofluoro metric observation of the taenia before culture revealed the presence of intensely fluorescent nerve fibers scattered in the muscular layers and around the nonfluorescent ganglion cells in Auerbach's plexus. Neither fluorescent ganglion cells nor characteristic fluorescence of 5-HT could be observed in Auerbach's plexus. These results strongly confirmed the presence of non-adrenergic inhibitory neurons within the taenia.
Histofluorometric data ruled out the possibilities of participa tion of dopamine and 5-HT in this inhibitory mechanism.
The transmitter of the intramural inhibitory neurons did not show any fluorescence by the treatment with formaldehyde vapor. organ culture; taenia coli; contractile properties; catecholamine fluorescence Since Harrison (1907) first introduced the method of tissue culture to prove the "neuron theory" , tissue culture and organ culture have been widely used and developed by many investigators in various fields.
The changes in form and behavior of muscle in tissue culture have since at tracted attention of investigators, and a good deal of works on tissue cultures of skeletal and cardiac muscles have been carried out. But the reports on smooth muscle in tissue culture and organ culture, especially in organ culture, are rela tively scarce (see Murray 1965) . It must be admitted, therefore, that tissue cul-ture and organ culture have not contributed so much for the recent advances in physiology and pharmacology of the smooth muscle.
Transmural stimulation applied to the isolated guinea-pig taenia coli in the presence of atropine produced a relaxation of the taenia. In view of the evidence that this relaxation is resistant to adrenergic neuron blocking agents and to receptor blocking agents, it seems likely that this relaxation is due to the stimulation of non-adrenergic nerves (Burnstock et al. 1966, Rikimaru and Suzuki 1971) . On the other hand, the relaxation produced by ganglion stimulants was susceptible to the blockade of adrenergic receptor blocking agents or to the treat ment with reserpine (Weis 1962, Suzuki and Rikimaru 1971). Question arises whether the relaxation produced by ganglion stimulants involves a different mechanism from that produced by transmural stimulation. In this respect a dener vation experiment is quite necessary to clarify the neural mechanism of these relaxing responses, but it cannot be achieved easily by cutting only the extrinsic nerves because of the presence of ganglion cells within the intestinal wall. Methods to observe the contractile properties of the cultured taenia
The contractile properties of the taenia strips in each stage of culture were investigated isometrically with a strain-gauge transducer (Grass FT-l0) and an ink writing oscillograph (Grass Model-5 Polygraph). For the selective stimulation of the intramural nervous elements, trains of square-wave pulses (1 msee duration) at different frequencies were delivered for 5 seconds transmurally to the taenia through bipolar stimulating electrodes made of Ag-AgCl rings, about 2 mm apart. Longitudinal field stimulation with A.C. (3 V/em, 50 Hz) was given through Ag-AgCl plate electrodes placed at both ends of the bath to stimulate the smooth muscle cells directly.
The following drugs were used: acetylcholine chloride , noradrenaline hydrochloride, atropine sulphate, nicotine, 5-hydroxytryptamine creatine sulphate , and tetrodotoxin. The doses are given in terms of the salt (g/ml). Contraction elicited by field stimulation with A.C.
Field stimulation of the taenia strips with A.C. (3 V/cm, 50 Hz) produced contractions directly and indirectly, which were classified into three types by atropine (10-7 g/ml). As shown in Figs. 3 A and 3 B, the first two types were susceptible to the blocking action of atropine and reduced or reversed to relaxa tions, whereas the third type (Fig. 3 C) showed no reduction at all. The susceptibility to atropine implies the presence of cholinergic excitatory nerves in these preparations.
In fact, the preparations of the first two types showed contractions by transmural stimulation and by nicotine , though that of the third type did not.
The first type, which was reversed to a relaxation after atropine , was observed in relatively early stage of culture (1-5 days of culture) . The second type was the most usual type observed in the taenia strips cultured for one to two weeks, and the third type in more advanced stage of culture. Responses to noradrenaline and to acetylcholine
When an autonomic effector is denervated, it becomes increasingly sensitive to chemical agents. It is, therefore, predicted from this basis that after degeneration of the nervous elements, the organ-cultured intestinal smooth muscle may become supersensitive to acetylcholine and to noradrenaline. On the fourth day of culture, the relaxation produced by transmural stimulation at high frequencies were eliminated as shown previously (Fig. 5) . This may imply the degeneration of the sympathetic adrenergic nerves. Noradrenaline was tried at this stage, but the threshold concentration of this drug to produce a relaxation of the taenia strips was usually 10 to 100 times higher than that of the taeniae before culture. Noradrenaline of 10-8-10-7 g/ml was needed to produce the minimal response. At this stage, the threshold concentration of acetylcholme was also increased to the same extent as that of noradrenaline. The sensitivities to both agents gradually recovered to the preincubation levels after a week of incubation, but there was no sign of supersensitivity to noradrenaline even in more advanced stages. The results with acetylcholine showed the same tendency, and the threshold concentration was the same or rather higher than that of the taeniae before culture. But in two preparations out of fourteen, reduction of the threshold concentration to acetylcholine was observed (Fig. 7) . These preparations responded to acetylcoline of 10-10 g/ml, and the maximal response was produced at 10-7 g/ml. Effects of 5-hydroxytryptamine It was suggested by Bucknell and Whitney (1964) that 5-hydroxytyptamine (5-HT) produced a relaxation in the human taenia coli due to its direct effect on the smooth muscle cells. Akubue (1966) Localization of catechola7nine fluorescence in the taenia coli before and after , four days of incubation Firstly, the localization of catecholamine fluorescence was examined in the taenia strips before culture. Very fine yellow-green fluorescent varicose fibers typical to adrenergic nerve terminals were seen to run parallel with the smooth muscle fibers of the taenia, in close proximity to them (Fig. 9) . In Auerbach's plexus intensely fluorescent nerve fibers were arranged around the ganglion cells. None of the ganglion cells showed fluorescence characteristic for catecholamines even after treatment with monoamine oxidase inhibitor nialamide (250 mg/kg, Organ-cultured
Smooth Muscle 325 intraperitoneal injection).
In the guinea-pig taenia coli yellow fluorescence characteristic for 5-HT was never observed in Auerbach's plexus nor in the muscular layers.
Secondly, the localization of catecholamine fluorescence was examined in preparations cultured for four days. The fluorescent fibers which was observed in control preparations entirely disappeared and even a trace of them could not be seen at this stage (Fig. 10) . This result may imply that the adrenergic nerves within the taeniae lost their activity at this stage of culture. 
DISCUSSION
Organotypic cultures of embyronic intestine were first carried out in 1922 by Chlopin (1922) and by Fischer (1922) independently. Since then publications have appeared dealing mainly with the differentiation of embyronic intestine, but there has as yet been scarce report which has concerned with the organ culture of adult intestine (see Borghese 1965) . We attempted the organ culture of adult intestine to eliminate its nervous elements. Taeniae from guinea-pig caecum were cultured in media of different compositions. As a result, the taenia preparations of group A preserved their responsiveness to nicotine and to transmural stimulation for more than three weeks. This result may suggest the long survival of the intrinsic neurons under such condition. The agar medium and the fluid nutrient of this group contained 60% Eagle's MEM, 30% horse serum and 10% chick embyro extract. Then the proportions of horse serum and of chick embyro extract were gradually reduced, and finally the taeniae were cultured in the agar medium containing only Eagle's MEM with the fluid nutrient containing 80% Eagle's MEM and 20% horse serum. Most of the preparations lost their responsiveness to nicotine and to transmural stimulation after two to three weeks of incubation, though they still responded to directly acting agents. This result indicates that the nervous elements within the taeniae were eliminated in this condition after two to three weeks of incubation. Thus we chose the medium of group B for the following experiments.
Histofluorometric observations of the taeniae before culture failed to reveal any adrenergic nerve cells in Auerbach's plexus even after treated with monoamine oxidase inhibitor, though intensely fluorescent nerve fibers were observed abun dantly in the musculature of the taeniae and around the non-fluorescent ganglion cells in Auerbach's plexus. These results were in good agreement with the previous reports (Hollands and Vanov 1965, Aberg and Eranko 1967 , Bennett and Rogers 1967 , Read and Burnstock 1969 . After four days of incubation the taenia strips showed no fluorescence characteristic for catecholamines, and the response to transmural stimulation was essentially the same as that observed in the taeniae before culture treated with adrenergic neuron blocking agents (Burnstock et al. 1966, Rikimaru and Suzuki 1971) . The response to high-frequency stimula tion was greatly reduced or almost entirely abolished at this stage of culture. These results may suggest that the adrenergic nerves lost their activities either by degeneration or by exhaustion of their transmitter substance. As the relaxing response to transmural stimulation at high frequencies was not recovered by soaking in the solution containing noradrenaline, this loss of response may be due to the degeneration of adrenergic nerves.
In our preceding report (Suzuki and Rikimaru 1971) we described that the relaxation produced by nictoine was abolished by adrenergic receptor blocking agents, whereas that produced by transmural stimulation was resistant to the blockade of these agents. It is possible, therefore, that the inhibitory effect of nitotine is due to release of catecholamine from adrenergic nerves. There is evidence to support this idea. Gillespie and MacKenna (1960) reported that the inhibitory effect of nicotine was abolished after pretreatment with reserpine and also after degenerative section of the extrinsic sympathetic nerves in rabbit colon. Weis (1962) made the same observation with reserpine in the guinea-pig taenia coli. Moreover, other workers have found that these inhibitory responses of intestinal preparation to nicotinic agents were abolished by bretylium (Greeff et al. 1962 , Jarrett 1962 , Burn and Gibbons 1964 . Burnstock et al. (1966) observed in guinea-pig taenia coli that the relaxation produced by DMPP was abolished after high concentrations of adrenergic neuron blocking agents were applied. They postulated that this loss of response might be due to the ganglion blocking actions of these agents. If nicotine produced a relaxation due to a activation of the adrenergic nerves, this response might not be observed after degeneration of the adrenergic nerves. But this is not the case in cultured taeniae. The taenia preparations cultured for more than one week still responded to nictotine and to transmural stimulation at low frequencies, and resulted in relaxations in the presence of atropine.
It is obvious from the histochemical data that the adrenergic nerves had already lost their activities at this stage, and the remaining response must, therefore, be due to activation of the non-adrenergic inhibitory nerves. What is the transmitter substance of these intramural inhibitory neurons? Dopamine is recently believed to be the transmitter in the caudate nuclues (Portig It is as yet not certain whether 5-HT plays an indispensable role in the regulation of the gastrointestinal movements. We proposed in our previous report (Rikimaru and Suzuki 1971) that both excitatory and inhibitory effects of 5-HT to guinea-pig taenia coli might be due to stimulation of the intramural excitatory and inhibotory nerves. This was confirmed by the results using taeniae cultured for more than three weeks. These preparations responded to acetylcholine and to noradrenaline but not to 5-HT nor to nicotine. Biilbring and Gershon (1967) proposed the participation of 5-hydroxytryptaminergic preganglionic fibers in the vagal inhibitory pathway to the guinea-pig stomach. But we failed to observe such 5-hydroxytryptaminergic nerve fibers in Auerbach's plexus of the guinea-pig taenia coll. At present we favor the opinion that the inhibitory nerves, which have their cell bodies in Auerbach's plexus, receive cholinergic preganglionic fibers though they are sensitive to 5-HT.
The rhythmic contractions of the intestine in organ culture attracted attention of the investigators engaged in the field of organ culture. The spontane ous contractions were at first thought to be neurogenic (Bisceglie 1932 ), but later Keuning (1948) cleared that the contractions are myogenic. In the cultured taeniae, tonic and/or phasic spontaneous contractions were observed. These contractions could be seen in preparations which lost their responsiveness to nicotine and to transmural stimulation, and may therefore be myogenic in nature. The fluorescence characteristic for catecholamines had entirely disappeared on the fourth day of culture. The same tendency was observed by Kasuya et al.
(1969) in the denervation experiment of rat vas deferens. They observed the disappearance of fluorescence four days after excission of the hypogastric ganglia, and development of supersensitivity to noradrenaline, acetylcholine and some other chemical agents. But we failed to observe such supersensitivity to noradrenaline.
Only a few preparations cultured for more than three weeks became supersensitive to acetylcholine. At this stage the acetylcholinesterase activity was somewhat diminished especially in the muscular layer of the taeniae (unpublished data). The problem of supersensitivity in organ-cultured intestinal smooth muscle must require further study.
